(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 

(43) International Publication Date 
31 January 2002 (31.01.2002) 




II III II I 



PCT 



(10) International Publication Number 

WO 02/08485 A2 



(51) International Patent Classification 7 : C23C 16/00 (81) Designated States (national): AE, AG, AL, AM, AT, AU, 



(21) International Application Number: PCT/NL01/00520 

(22) International Filing Date: 9 July 2001 (09.07.2001) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 

09/611,602 



7 July 2000 (07.07.2000) US 



(71) Applicant (for all designated States except US): A.S.M. 
INTERNATIONAL N.V. [NL/NL]; P.O. Box 100, 
NL-3720 AC Bilthoven (NL). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): VAN W1JCK, Mar- 
greet, Albertine, Anne-Marie [NL/NL]; Van Asch van 
Wijcklaan 59, NL-8096 AG Oldebroek (NL). 

(74) Agents: JORRITSMA, Ruurd et al.; Nederiandsch 
Octrooibureau, Scheveningseweg 82, P.O. Box 29720, 
NL-2502 LS The Hague (NL). 



AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH, 
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, 
SL, TJ, TM, TR, TT, TZ, UA, UG, US, UZ, VN, YU, ZA, 
ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, 
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF, 
CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— without international search report and to be republished 
upon receipt of that report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



< 

IT) 

00 I 



00 (54) Title: METHOD FOR VAPOUR DEPOSITION OF A FILM ONTO A SUBSTRATE 



(57) Abstract: Method for chemical vapor deposition of a film onto a substrate. Before bulk chemical vapor deposition the sub- 
strate is subjected to a nucleation treatment. The nucleation treatment comprises atomic layer deposition wherein the substrate is 
alternatingly and sequentially exposed to pulses of at least two multually reactive gaseous reactants wherein the nucleation tempera- 
ture is chosen to prevent condensation of either of the used reactant and to prevent substantial thermal decomposition of each of the 
reactants individually. 
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Method for vapour deposition of a film onto a substrate 

The present invention relates to a method for chemical vapor deposition of a film 
5 onto a substrate comprising: 

inserting a substrate in a reaction chamber, 

subjecting said substrate to a first treatment comprising a nucleation treatment at 
first temperature, resulting in an nucleation layer , 

followed by a second treatment comprising bulk chemical vapor deposition at a 
10 second temperature 

wherein said first and second treatment are realised in the same reaction 
chamber. 

Such a process is known from US-5420072A. This document discloses a titanium 
nitride film provided in two stages. During the first stage the first film induces the 

15 proper crystallographic orientation of the crystals in the film and the second film ■■ 
obtained during the second stage exhibits a superior confonnality and uniformity. The 
first titanium nitride layer is obtained by CVD followed by the CVD of' a secopd 
titanium layer in the same compartment. 

EP 3401 13A1 discloses deposition of GaAs on a silicon substrate. Firet 

20 aluminum arsenide is grown on the silicon substrate by atomic layer epitaxy as an 
intermediate buffer layer. After provision of the buffer layer in about 50 cycles through 
expitaxial bulk CVD a further film of gallium arsenide is realised. 

WO 99/28527 discloses the chemical vapour deposition of a tungsten layer, using 
SiH4 and WF6, comprising a first deposition stage to facilitate nucleation of the film, 

25 followed by a second deposition stage. The technique of chemical vapor deposition to 
deposit solid thin films on substrates using one or more gaseous reactants has been 
known for many years. After inserting the substrate into a reaction chamber and 
closing the reaction chamber the chamber is evacuated. The substrate is heated to a 
temperature required for the reaction to proceed at an economical rate and the gaseous 

30 reactant or reactants are introduced into the reaction chamber. During the process the 
conditions like temperature, reactant flows and pressure are typically maintained at a 
constant value. The reactants or reactive species , adsorb on the surface of the substrate 
and decompose or react with each other under the formation of a solid film and the 
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release of gaseous by-products. One of the problems encountered in the chemical vapor 
deposition technique is that many processes are afflicted with a nucleation process 
which depends on the condition of the underlying surface. This'means that the tendency 

• 

of the reactants to adsorb on the surface, decompose and form a solid film depends on 
5 the condition of the surface of the substrate. In some cases this can be advantageously 
applied, e.g. in selective processes where the deposition of a film over exposed silicon 
surfaces is desired but not over parts of the substrate surface which are covered with 
silicon oxide. In order to achieve this result, the conditions can be chosen such that the 
nucleation rate on silicon is orders of magnitude higher than the nucleation rate on 
10 silicon oxide. After the surface is covered with a thin film of the material, the further 
deposition typically proceeds at a faster rate. In many cases, however, this phenomena 
leads to undesired effects, e.g. when a uniform deposition over all parts of the surface is 
desired. 

In the prior art the problems related to a surface dependent nucleation are • 
15 overcome by introducing a first deposition stage in the chemical vapour deposition 
process with process conditions that are favourable for nucleation of the film to be 
deposited and which are different from the conditions in the second and main 
deposition stage where the remainder of the film is to be deposited. However, 
conditions favorable for rapid nucleation are not necessarily favorable for uniform 
20 nucleation and/or deposition over the entire wafer surface as well as in trenches in the 
wafer surface. 

Furthermore, the nucleation rate on parts of the reaction chamber can be different 
from the nucleation rate on the substrate. As a consequence, the nucleation stage on 
some inner surfaces in the reactor can be completed earlier than on other surfaces. 

25 When the nucleation stage is completed, film deposition starts, which leads to a higher 
consumption of the reactants. This means that the local conditions in the reaction 
chamber change in the course of the time during the nucleation phase which influences 
the controllability of the process in a negative way. For example, a linear extrapolation 
of the film thickness with the deposition time will give an unreliable prediction of the 

30 actual film thickness achieved. In addition, in the case of a batch reactor, not all wafers 
face a same local environment. In many cases the substrates have a wafer-like shape 
i.e. are thin in one dimension and much larger in the two other dimensions and in a 
batch reactor they are placed in a row, with their large surfaces normal to the direction 
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of the row and at some mutual distance. In this case most of the substrates face other 
substrates to be processed. However, the first and the last wafer face an other local 
environment which can result in a significantly different film thickness on the substrate 
at the end of the deposition process. Also the presence of test wafers within a batch of 
5 product wafers results in a locally different environment. 

Another problem related to the nucleation stage of the process is surface 
roughness. When nuclei are formed, they grow out in both horizontal and vertical 
directions till the complete surface area is coyered. This process results in a relief of the 
surface. When the density of nuclei is high the relief is small and when the density of 

10 nuclei is low, the relief is pronounced. This relief will typically remain when the 
growth proceeds. ■ 

It is the object of the present invention to provide in a method of in-situ pre- 
treatment prior to the execution pf the chemical vapor deposition process that avoids 
these disadvantages and produces a homogeneous starting surface for all surface areas 

15 within the reaction chamber. 

According to the invention this object is realised with the method as described 
above in that said nucleation treatment comprises atomic layer deposition, wherein the 
substrate is alternatingly and sequentially- exposed to pulses of at least two mutually 
reactive gaseous reactants, said first temperature being chosen to prevent condensation 

20 of either of said reactants and to prevent substantial thermal decomposition of each of 
said reactants individually. 

In the method according to the invention, a substrate or a plurality of substrates is 
inserted into the reaction chamber, the reaction chamber is closed and evacuated and 
the substrate is heated to a first temperature. At this first temperature at least two 

25 reactants are alternately and sequentially introduced into the reaction chamber. This 
first temperature is high enough to prevent condensation of the reactants on the 
substrate surface but so low that no thermal decomposition of the individual reactants 
occurs. Consequently, during the supply of the first reactant only a monolayer of the 
reactant chemisorps on the surface and then the surface is saturated. When the second 

30 reactant is supplied it chemisorps on the surface, reacts with the previous reactant and 
forms a solid monolayer until the surface is fully saturated. This cycle can be repeated a 
number of times. This method is called Atomic Layer Deposition and is much less 
susceptible for surface influence than normal chemical vapor deposition. Each reaction 
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is self -limiting. It is possible to carry out this method with more than 2 reactants, e.g. 
3 reactants for the deposition of a ternary compound, provided that the reactants are 
matching and, when introduced into the reactor separately, do not thermally decompose 
at the first temperature. Due to the deposition of a thin film by Atomic Layer 
5 Deposition, a uniform starting surface is provided for the subsequent chemical vapor 
deposition on all surfaces in the reaction chamber. After the Atomic Layer Deposition 
pre-treatment, the substrate is heated to a second temperature and the reactants for the 
chemical vapor deposition process are introduced into the reactor. After completion of 
the deposition by chemical vapor deposition the supply of reactants is cut-off and after 

10 evacuating and/or purging the reaction chamber and backfilling it to atmospheric 
pressure, when required, the substrate is removed from the reaction chamber. 
In a first embodiment the thin film deposited by the Atomic Layer Deposition pre- 
treatment has mainly the same composition as the film deposited by chemical vapor 
deposition. In a second embodiment the thin film deposited by the Atomic Layer Depo- 

15 sition pretreatment has a different composition than the film deposited in the chemical 
vapor deposition step. In the case of layers, deposited in the two deposition stages, with 
substantially the same composition, the first tefnperature at which the Atomic Layer 
Deposition is carried out is typically lower than the second temperature at which the 
chemical vapor deposition is carried out, but this depends also on the reactants chosen. 

20 In Atomic Layer Deposition processes the deposition rate is very low because of 

the required purge times in between the respective reactant pulses. Therefore, the 
reactor volume and shape of an Atomic Layer Deposition reactor is optimized to yield 
minimum purge times and a maximum deposition rate. Inherently to the Atomic Layer 
Deposition process is that the process conditions like pressure, temperature and flow 

25 are not critical as long as sufficient reactant is supplied. Because the process is based 
. on the sequential and alternating saturation of the surface with one monolayer of reac- 
tant, a uniform film deposition will be obtained whenever saturation of the surface is 
achieved in the repeated cycles. On the other hand, reactors for regular chemical vapour 
deposition are optimized for uniform film deposition at an economical deposition rate. 

30 In chemicil vapour deposition, temperature, pressure and reactant flow are critical pa- 
rameters and the design of the reactor takes this into account to achieve a uniform 
deposition. This reactor design is not optimum for economical Atomic Layer Deposi- 
tion. However, when Atomic Layer Deposition is applied as an in-situ pre-conditioning 
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prior to chemical vapour deposition in a reactor designed for regular chemical vapour 
deposion, a limited number of Atomic Layer Deposition cycles with a time duration 
that is not economical for Atomic Layer Deposition are allowable to yield an overall 
process that is still economical. One of the measures taken to reduce the cycle time of 
5 the Atomic Layer Deposition pulses is to maintain the pressure inside the reaction 
chamber at a low value to allow rapid purging of the reaction chamber volume in be- 
tween the pulses. Preferably this pressure is maintained below 10 Ton and more pref- 
erably this value is maintained below 1 Ton:. 

The method of Atomic Layer Deposition results in a full coverage of the substrate 
10 surface and a layer by layer growth. Therefore the surface roughness which is a result 
of a nucleation stage is omitted and the surface after Atomic Layer Deposition is 
basically just as smooth as the starting surface. 

According to preferred embodiment of the invention the nucleation treatment 
includes less than 30 and more particular less than 20 cycles. The thickness of the 
15 nucleation layer should be below 30 A and more particular less than 20 A. Preferably 1 
the invention is used to obtain a tantalum oxide layer. 

Brief description of the figures 

20 Figure 1 Schematical presentation of gas system and furnace. 

Figure 2 Thickness results with an LPCVD process in accordance to the prior art, 
different types of substrates present 

Figure 3 Thickness results with an LPCVD process in accordance to the prior art, 
all substrates present are bare silicon substrates. 
25 Figure 4 A flow diagram of the process according to the invention 

Figure 5 Thickness results from the process according to the invention. 

Detailed description of the invention 

30 Figure 1 gives a schematical presentation of a gas system and furnace utilized for 

an embodiment of the method according to the invention for the purpose of tantalum 
oxide deposition. The furnace in its entirety is indicated by 1, the process tube 2 and an 
inner liner by 3 which inner liner delimits a reaction chamber 4. The process tube is 
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surrounded by a heating element, not shown. A plurality of wafer like substrates 10 is 
placed in a holder 11 which holder is supported by a pedestal 12. The pedestal is sup- 
ported by a doorplate 13 which closes the reaction chamber 4. The process tube 2 and 
inner liner 3 are supported by a flange 20. Gas is injected into the process chamber 4 
5 by the gas supply lines 40 and 41, either directly or via a gas injector 42. The gas is 
exhausted via the gap between inner liner and process tube, through the gas exhaust 
line 30 towards the pump (not shown). The container with tantalum penta ethoxide 50 
is connected to a nitrogen supply line 43. to be able to put the liquid source material 
under pressure. The flow of liquid source material is measured by liquid flow meter 54. 

10 In vaporizer unit 55 the flow of liquid source material is controlled, mixed with nitro- 
gen and vaporized. The vaporized flow is fed into the gas supply line 41 by opening 
valve 56. Alternatively, before and after feeding thb vaporized flow into the reactor, the 
flow can be directed towards the pump (not shown) by opening valve 57 while valve 56 
is closed. The flow of nitrogen to the vaporizer is controlled by Mass Flow Controller 

15 62 whereas Mass Flow Controller 72 controls a flow of nitrogen directly fed into the 
gas supply line 41. Mass flow controllers 82, 92 and' 102 control the flows of 
respectively IJ20, 02 and N2, fed into the reactor via gas supply line 40. Pneumatically 
operated shut-off valves 61, 71, 81, 91 and 101 provide in means to isolate the 
respective mass flow controllers from the gas supply lines at the upstream side and 

20 pneumatically operated valves 63, 73, 83, 93 and 103 provide in means to isolate the 
mass flow controllers at the downstream side. Shut-off valve 51 can isolate the 
tantalum penta ethoxide container 50 from the nitrogen supply line 43. Closing shut-off 
valve 53 interrupts the liquid tantalum penta ethoxide flow and opening valve 52 allows 
purging of the liquid flow controller 54 by N2. 

25 In Figure 2, the thickness results for a tantalum oxide chemical vapor deposition 

process are given for a process according to the prior art. In the specific example, the 
processing was carried out in the batch reactor, schematically represented in Figure 1, 
with a batch size of 1 10 substrates. The gas is inserted from the side where wafer 1 is 
located and the gas is exhausted at the side where wafer 110 is located. In a reactor 

30 filled with 110 filler wafers containing a deposition of tantalum oxide, four filler 
wafers, at positions or slots 6, 7, 99 and 100 were replaced by bare silicon test wafers. 
Consequently, two bare silicon test wafers, namely 6 and 99, were facing with their 
front side respectively the bare silicon test wafer 7 and 100 whereas wafer 7 and 100 
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were facing a filler wafer covered with tantalum oxide. After deposition the film 
thickness of the tantalum oxide film was measured by an ellipsometer at thirteen points 
on the wafer, from the centre of the wafer to the edge of the wafer. It appears that fhe 
film thickness on the wafers facing a bare silicon test wafer is larger than on the wafers 
5 facing a filler wafer covered with tantalum oxide. This effect is most pronounced in the 
centre region of the wafer. It should be noted that in addition to this effect there is 
difference in thickness between on the one hand wafers 6 and 7 and on the other hand 
wafers 99 and 100. This "down load" difference is caused by depletion effects over the 
wafer load and is due to the fact that the process has not been fully optimized yet. 

10 In figure 3 it is shown that not only the surface condition of the wafer facing the 

test wafers is important but that the surface condition of all the test wafers has an 
influence on the overall result. In Figure 3 all the filler wafers were replaced by clean, 
bare silicon filler wafers. The deposition rate is much more homogeneous over the 
whole batch. Apparently, on a bare silicon wafer the tantalum oxide deposition process 

15 is subjected to a nucleation phase whereas on a tantalum oxide surface the deposition ■- 
can start immediately. Therefore, the tantalum oxide surfaces result in more depletion 
effects and thinner films on the bare silicon test wafers. 

In figure 4 a flow diagram of a process in accordance to the invention is given. 
The first step is to insert a substrate, or in case of a batch reactor a plurality of 

20 substrates into the reaction chamber. Then the reaction chamber is evacuated and / or 
purged to remove impurities from the reaction chamber. Indicated with numeral 3 is 
that the substrate (or plurality of substrates) is heated to a first temperature. In step 4-7 
an example of an Atomic Layer Deposition cycle employing two reactants is given. 
Between the exposure steps of the respective reactants, the reaction chamber is 

25 evacuated and / or purged to keep the two reactants well separated. The cycle can be 
repeated as often as required to achieve the desired homogeneous surface conditioning 
over all the surface areas inside the reaction chamber. A minimum number of cycles 
should be one. After completion of the Atomic Layer Deposition cycles, the substrate is 
heated to a second temperature as indicated by numeral 8. Subsequently, the substrate 

30 is exposed to the reactant or reactants used for the LPCVD process as indicated by 
reference numeral 9. In step number 10 the reactants and reaction products are removed 
from the reaction chamber by evacuation and / or purging. In the last step 11 the 
substrate is removed from the reaction chamber. 
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In figure 5, the results of a process in accordance to the invention and to example 
1 is given. ' 

Example 1 

5 

A specific example of a process in accordance with the invention is the following. 
After inserting a plurality of substrates into a hot wall batch reactor, the substrates are 
heated to 220 °C. As a first reactant, tantalum pentaethoxide (TAETO, = Ta-(0- 
C2H5)5) mixed with nitrogen is admitted into the reactor while pumping at the exhaust 

10 end of the reactor and maintaining a pressure of 1 Torr, The temperature of the vessel 
containing the (TAETO) is maintained at 35°C A nitrogen pressure is applied to the 
vessel and a flow of liquid TAETO, corresponding to a vapor flow of 9 seen, is fed 
from the vessel into an evaporator. A flow of nitrogen of 500 seem is also fed into the 
evaporator. TAETO vapour, together with the nitrogen gas flow is fed from the f 

15 evaporator into the reactor. The duration of the TAETO exposure is 2 min. After cut- 
off of the TAETO supply the reactor is purged for 2 minutes with approximately 500 
seem N2, the N2 flow is interrupted for 30 seconds while the evacuation is continued 
and the N2 flow is switched on again for 2 minutes. Then a flow of water vapor of 500 
seem is supplied to the reactor during 2 minutes, followed by a purge/evacuate/purge 

20 sequence. This whole cycle was repeated 20 times. After these Atomic Layer 
Deposition cycles the substrates were heated to 400 °C and the LPCVD process was 
executed with the following conditions: 250 or 375 mTorr, 9 seem TAETO vapor, 200 
seem 02, 550 sscm N2. 

In a second example, tantalum tetraethoxide dimethylaminoethoxide 

25 [Ta(OC2H5)40CH2CH2N(CH3)2] is utilized as the source material for tantalum 
oxide deposition. 

Although in example 1 a hot wall batch furnace is utilized, a person skilled in the 
art will understand that the method of the invention will apply to any batch, single 
wafer, hot wall or cold wall CVD reactor according to the state of the art. In another 
30 example, the nucleation treatment comprises the Atmomic Layer Deposition of an 
alumina or zirconia layer. In yet another example the bulk chemical vapor deposition 
comprises the deposition of a TiN layer, preferrably preceded by a zirconia nucleation 
step. 
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A person skilled in the art will immediately realise that in the ahove only 
preferred examples of the embodiment are given. The scope of protection is only 
limited by the appended claims. 
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Claims 

1 . Method for chemical vapor deposition of a film onto a substrate comprising: 
inserting a substrate in a reaction chamber, 
5 - subjecting said substrate to a first treatment comprising a nucleation treatment at 
first temperature, resulting in an nucleation layer , 

- followed by a second treatment comprising bulk chemical vapor deposition at a 
second temperature 

wherein said first and second treatment are realised in the same reaction 
10 chamber, 

characaterised in that 

- said nucleation treatment comprises atomic layer deposition, wherein the substrate 
is alternatingly and sequentially exposed to pulses of at least two mutually reactive 
gaseous reactants, said first temperature being chosen to prevent condensation of 

15 either of said reactants 'and to prevent substantial thermal decomposition of each of 
said reactants individually, the nucleation treatment including less than 20 cycles. 

2. Method according to claim 1, wherein said first and second treatment are realised 
in the same reaction chamber. 

20 

3. Method according to one of the preceding claims, wherein one of said reactants 
used in the first treatment is used in the second treatment. 

4. Method according to one of the preceding claims, wherein between the 
25 subsequent pulses of the at least two reactive reactants the substrate is treated with a 

inert gas. 

5. Method according to one of the preceding claims, wherein the first temperature is 
equal to or lower than the second temperature. 

30 1 

6. Method according to one of the preceding claims, wherein, the deposited film at 
the second temperature is tantalum oxide. 
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7. Method according to one of the preceding claims, wherein the source reactant for 
tantalum oxide comprises tantalum pentaethoxide [Ta-(0-C2 H5)5] or tantalum 
tetraethoxide dimemylaminoethoxide [Ta(OC2H5)4(OCH2CH2N(CH3)2)]. 

8. Method according to claim 1, wherein the film deposited at the first temperature 
5 is of a different composition as the film deposited at the second temperature. 

9. Method according to one of the preceding claims, wherein said nucleation 
treatment comprises the deposition of alumina. 

10 10. Method according to one of the preceding claims, wherein said nucleation 
treatment comprises the deposition of zirconia. 

11. Method according to one of the preceding claims, wherein said hulk chemical 
vapor deposition comprises deposition of a tantalum oxide layer. 

15 

12. Method according to one of the preceding claims, wherein said bulk chemical 
vapor deposition comprises deposition of a TiN layer. • 



WO 02/08485 



PCT/NL01/00520 




f i g - 3 




5 WITH ONLY CLEAN WAFERS 
50 WITH DNLY CLEAN WAFERS 
♦100 WITH ONLY CLEAN WAFERS 



T r- 5 1 1 1 1 « 1 1 1 1 I 1 

CENTER EDGE 
MEASUREMENT POINT 



^50 

en 



AO ■ 



2 

20 
10 
n 



WO 02/08485 



PCT/NL01/00520 



2IU 



ti- 



11- 



1NSERT 5UB5TRATE 
INTO CHAMBER 



EVACUATE 
AND/OR PURGE 



HEAT SUBSTRATE TO 
FIRST TEMPERATURE 



EXPD5E SUBSTRATE 
TO FIRST REACTANT 



EVACUATE 
AND/OR PURGE 



EXPOSE SUBSTRATE TD 
SECOND REACTANT 

I 



EVACUATE 
AND/OR PURGE 



HEAT SUBSTRATE TO 
SECOND TEMPERATURE 



EXPOSE SUBSTRATE TO 
REACTANTS FOR LPCVD 



EVACUATE 
AND/OR PUR6E 



REMOVE SUBSTRATE 
FROM CHAMBER 



f J □ -4 



REPEAT 
M TIMES 



WO 02/08485 



PCT/NL01/00520 



CM 



> 
C-J 



I 

CP 



UJ 



CO 

be 

> 



CM 



UJ 

CQ 
SI 

2 



CM 



CM 
CM 



Q 
o 



I 

o 
o 

CM 



a 

§ 



— r- 
a 



o 
o 



s 



a 
o 

CM 



SS3NMDIHI 39VH3AV 



